The data are owned by a third party (Vietnam Social Security). The authors have to go to the Vietnam Social Security in order to access the data right there and and are supervised by a specialist of this agency. The authors do not have permission to share the national health insurance data. Requests for access should be directed to Vietnam Social Security: <hungtran.it@gmail.com>; (Tel: +84 45316681).

Introduction {#sec004}
============

Venous thromboembolism (VTE) is with the formation of blood clots that starts in the vein and may lead to long-term comorbidities or death \[[@pone.0231411.ref001]\], resulting in a significant economic burden on healthcare systems. With an estimated annual incidence of approximately 5--20 out of 10,000 persons \[[@pone.0231411.ref002]--[@pone.0231411.ref004]\], VTE is considered a common disorder. The occurrence of VTE in the Asian population has been lower than in others, but its incidence has been reported to have increased rapidly in the past decade \[[@pone.0231411.ref005], [@pone.0231411.ref006]\]. In Japan, postoperative patients without chemical thromboprophylaxis had a reported VTE incidence of 7.7% \[[@pone.0231411.ref007]\]. According to another study, out of 173 patients who had large open laparoscopic surgery, up to 24.3% were VTE cases \[[@pone.0231411.ref008]\]. A research in knee arthroplasty operation Asian patients with and without pharmacological prophylaxis suggested that who were administered chemoprophylaxis did not have a statistically significant difference in incidence of VTE although it may indicate better function \[[@pone.0231411.ref009]\]. A recent multicenter, observational, cohort involved 2,790,027 postoperative patients in Vietnam and showed that VTE was found in 3,068 patients (11 persons per 10,000) \[[@pone.0231411.ref010]\].

In addition to exposing patients to serious risks after [major surgery](https://www.sciencedirect.com/topics/medicine-and-dentistry/major-surgery) \[[@pone.0231411.ref001]\], VTE also requires large healthcare expenditures due to its recurrence and complications \[[@pone.0231411.ref011]\]. A review of US database analyses indicated that costs of the initial VTE were approximately US\$3,000--9,500. The total costs related to VTE over 3 months, 6 months, and 12 months were US\$5,000, US\$10,000 and US\$33,000, respectively. Studies in the European Union countries showed lower additional inpatient costs after VTE (€1,800 after 3 months and €3,200 after one year); however it is still considered to have a substantial impact on healthcare systems. Complications related to VTE may require additional cost for treating the post-thrombotic syndrome (ranging from US\$426 to \$11,700) and heparin-induced thrombocytopenia (ranging from US\$3,118 to US\$41,133) \[[@pone.0231411.ref011]\]. The development of a VTE event resulted in an increase in the length of hospitalization from 1.5-fold longer in patients undergoing major abdominal surgery \[[@pone.0231411.ref012]\] to a two-fold longer in patients after major orthopedic surgery \[[@pone.0231411.ref013]\]while the total costs after the surgery increased from 2 to 3.4-fold \[[@pone.0231411.ref012], [@pone.0231411.ref013]\].

Unlike other developed countries, Vietnam currently has no document describing the actual costs related to VTE in patients after surgery \[[@pone.0231411.ref011], [@pone.0231411.ref014]\]. Therefore, this study aims to investigate the economic burden of having a VTE event after surgery, using a national health insurance reimbursement database.

Methods {#sec005}
=======

Data source {#sec006}
-----------

The database of the Vietnam Health Insurance Scheme (VHIS) was used in the study. The database contains health insurance claims for about 84% of the total population since 2017 \[[@pone.0231411.ref015]\]. Patient information including demography characteristics, ICD-10 code, medications, tests, surgeries, and diagnosis procedure combination claims is available in this database. Data were extracted on all in the time frame between Jan 1st 2017 and Sep 31st 2018.

Study population {#sec007}
----------------

The surgical categories were included neurological, cardiothoracic, vascular, gastrointestinal, urologic, orthopedic, and plastic surgery. From the VHIS database, all adult patients (≥18 years old) who experienced any of the above surgeries were recruited into the study. Patients were included if they underwent any of the following conditions: (1) diagnosis of VTE at the time of hospital admission and; (2) any anticoagulant treatment during the admission. Patients were excluded from the study if they underwent any of the following conditions: (1) pregnancy and; (2) contraindication to therapy of anticoagulant for any reason

VTE cases {#sec008}
---------

VTE cases were grouped into pulmonary embolism (PE) (using receipt codes equivalent to the International Classification of Diseases, Tenth Revision--ICD-10- code I26.0-I26.9), phlebitis and thrombophlebitis (PTP) (ICD-10 code equivalence: I80.1-I80.3; I80.8), and venous embolism and thrombosis (VET) (ICD-10 code equivalence I82). After the patient has been identified with a VTE code, cases with a diagnostic code up to 90 days after the first surgery will be considered potential cases.

Matched controls {#sec009}
----------------

Patients in the cohort were 1: 1 case-control matched for a propensity score using a nearest-neighbor matching method. The propensity score was obtained by conducting a probit regression on all patients eligible for matching. The dependent variable was equal to 0 if the patient had no VTE and 1 if the patient had VTE. The independent variables included gender (male and female), age group (18--59, 60--69, 70--79, 80 and above), surgery type (neurological, cardiothoracic, vascular, gastrointestinal, urologic, orthopedic and plastic) and provider's area. Moreover, we also used 30 chronic conditions derived from the chronic conditions developed by Elixhauser et al. ([Table 1](#pone.0231411.t001){ref-type="table"}) to adjust risk and match VTE cases \[[@pone.0231411.ref016]\]. To use the matching method, all continuous variables were classified categorically. All were eligible for inclusion and matched were included in the analysis.

10.1371/journal.pone.0231411.t001

###### Characteristics of surgery patients.

![](pone.0231411.t001){#pone.0231411.t001g}

                                 No VTE            VTE               Frequency (%)                 
  ------------------------------ ----------------- ----------------- --------------- ------------- ------
  Age group                      18--59            633,648 (77.75)   681 (42.25)     694 (43.11)   0.11
  60--69                         104,088 (12.77)   375 (23.33)       398 (24.69)     0.36          
  70--79                         46,538 (5.71)     261 (16.19)       242 (15.07)     0.56          
  \> 80                          30,732 (3.77)     295 (18.24)       278 (17.12)     0.95          
  Age (mean ± sd)                45.7 ± 17.3       60.5 ± 18.8       61.1 ± 17.5                   
  Gender                         Male              487,581 (59.83)   770 (47.83)     784 (48.64)   0.16
  Female                         327,425 (40.17)   842 (52.17)       828 (51.36)     0.26          
  Region                         North Region      111,895 (13.73)   134 (8.31)      141 (8.81)    0.12
  Red River Delta                186,863 (22.93)   221 (13.77)       200 (12.41)     0.12          
  Central Coast                  209,209 (25.67)   478 (29.65)       500 (31.08)     0.23          
  Central Highlands              49,524 (6.08)     71 (4.47)         78 (4.84)       0.14          
  Southeastern Region            143,792 (17.64)   400 (24.81)       377 (23.45)     0.28          
  Southwestern Region            113,723 (13.95)   308 (18.98)       316 (19.42)     0.27          
  Surgery type                   Neurosurgery      51,202 (6.28)     107 (6.64)      75 (4.71)     0.21
  Cardiac-thoracic surgery       13,815 (1.7)      54 (3.41)         56 (3.54)       0.39          
  Vascular surgery               5,806 (0.71)      316 (19.6)        392 (24.32)     5.44          
  Gastrointestinal surgery       273,449 (33.55)   358 (22.21)       303 (18.86)     0.13          
  Urologic surgery               18,911 (2.32)     88 (5.52)         88 (5.46)       0.47          
  Orthopedic surgery             425,425 (52.2)    643 (39.89)       654 (40.63)     0.15          
  Plastic surgery                26,398 (3.24)     46 (2.73)         44 (2.48)       0.17          
  Emergency                      158,589 (19.46)   345 (21.4)        352 (21.9)      0.22          
  Chronic condition              Heart failure     5,036 (0.62)      61 (3.85)       82 (5.15)     1.63
  Peripheral vascular disease    1,540 (0.19)      162 (10.05)       168 (10.48)     10.91         
  Paralysis                      807 (0.1)         2 (0.19)          10 (0.62)       1.24          
  Rheumatoid arthritis           8,230 (1.01)      44 (2.73)         42 (2.61)       0.51          
  Gastric ulcer                  68,108 (8.36)     282 (17.49)       278 (17.25)     0.41          
  Diabetes                       24,959 (3.06)     223 (13.9)        211 (13.15)     0.85          
  Diabetes complications         407 (0.05)        4 (0.31)          4 (0.31)        0.98          
  Cancer                         36,213 (4.44)     86 (5.4)          76 (4.78)       0.21          
  Metastatic cancer              2,678 (0.33)      8 (0.56)          6 (0.43)        0.22          
  Liver disease                  16,486 (2.02)     90 (5.65)         73 (4.53)       0.44          
  Liver failure                  718 (0.09)        2 (0.19)          2 (0.12)        0.28          
  Renal failure                  3,798 (0.47)      94 (5.89)         94 (5.83)       2.47          
  Dementia                       152 (0.02)        0 (0)             0 (0)           0.00          
  Alcohol abuse                  1,182 (0.15)      0 (0.06)          2 (0.19)        0.17          
  Drug abuse                     44 (0.01)         0 (0)             0 (0.06)        0.00          
  Deficiency anemia              2,156 (0.26)      18 (1.12)         29 (1.8)        1.35          
  Weight loss                    5,783 (0.71)      16 (1.05)         21 (1.3)        0.36          
  Electrolyte disorders          974 (0.12)        16 (1.05)         16 (1.05)       1.64          
  Lymphoma                       1,227 (0.15)      0 (0.06)          2 (0.12)        0.16          
  Hypothyroidism                 722 (0.09)        8 (0.5)           8 (0.5)         1.11          
  Depression                     259 (0.03)        0 (0)             0 (0)           0.00          
  Aplastic anemia                2,530 (0.31)      21 (1.3)          23 (1.49)       0.91          
  Arrhythmia                     4,253 (0.52)      52 (3.23)         52 (3.29)       1.22          
  Valvular disease               3,146 (0.39)      29 (1.86)         25 (1.55)       0.79          
  Pulmonary vascular disease     434 (0.05)        2 (0.12)          2 (0.12)        0.46          
  Hypertension                   59,926 (7.35)     468 (29.09)       445 (27.61)     0.74          
  Hypertension complications     1,173 (0.14)      14 (0.93)         10 (0.62)       0.85          
  Coagulopathy                   382 (0.05)        0 (0)             0 (0)           0.00          
  Chronic pulmonary              9,995 (1.23)      73 (4.53)         78 (4.84)       0.78          
  Cerebral circulatory disease   18,480 (2.27)     132 (8.25)        130 (8.13)      0.70          

VTE: Venous thromboembolism

RMPO: Readmission postoperative

OVP: Outpatient visit with problem

Cost analyses {#sec010}
-------------

The analysis used a linear regression method on a suitable sample to evaluate the link between VTE and the natural logarithm of the 90-day cost. The search was conducted from the payer's perspective, with outcome measure being the surgical-related costs during that period. All cost for local salaries are adjusted to control the difference in health costs corresponding to the region. Since the regression is implemented, the log of costs is then converted into dollars using the Duan's smearing estimator to adjust for the bias arising under the log retransformation \[[@pone.0231411.ref017]\]. To estimate the"excess total costs" due to VTE, we anticipate payment in two separate cases: all surgeries are "Yes" and "Not" including VTE and the variation between the two payments is the excess payment towing to VTE. Costs were presented in US dollar (US\$). The [exchange rate](https://www.sciencedirect.com/topics/social-sciences/exchange-rates) was calculated as US\$1 = VND23,255 (2019).

Ethics approval and consent to participate {#sec011}
------------------------------------------

This research was approved by the Ministry of Science and Technology in accordance with Decision No. 3622 and approved by the Ethics Committee of the Health Ministry No. 67 under the registry model. All patients agree verbally and/or in the pre-surgical written consent, all consent to the use of medical data and information for the hospital's training and research. All patients' information is anonymous and data collection and analysis are performed by many people

Statistical analyses {#sec012}
--------------------

All analyses were conducted using Stata version 14.2 MP. A descriptive analysis was first performed to assess the characteristics of patients with and without complications. Categorical data were reported as absolute number (n) and proportion (%), and continuous data as mean with standard deviation (SD).

Results {#sec013}
=======

Patient characteristics {#sec014}
-----------------------

During the study period, 1,612 (0,20%) of the 815,006 adult surgeries were identified as VTE cases. The VTE group had higher rate in women and mean age than the non-VTE group (52.17% vs. 47.83% and 61.1 year-old vs. 45.7 year-old), as shown in [Table 1](#pone.0231411.t001){ref-type="table"}. We can see in the table that comorbidity rate in VTE surgeries is significantly higher than that of non-VTE surgeries in the raw sample. Therefore, the differences in individual characteristics may be the cause of the differences in costs and is presented in [Table 2](#pone.0231411.t002){ref-type="table"}.

10.1371/journal.pone.0231411.t002

###### 90-day expenditures (raw) and outcome for surgery patients.

![](pone.0231411.t002){#pone.0231411.t002g}

                                          No VTE              VTE               
  --------------------------------------- ------------------- ----------------- -----------------
  RMPO rate (%)                           64,958 (7.97)       217 (13.46)       708 (43.92)
  OVP rate (%)                            339,076 (41.6)      768 (47.64)       1209 (75)
  Surgery payment ± SD (US\$)             524.2 ± 749.6       914.2 ± 1223.3    917.8 ± 1498.1
  Readmission payments ± SD (US\$)        600.6 ± 905.3       1100.3 ± 1394.6   1348.8 ± 1813.2
  RMPO drug payments ± SD (US\$)          122.2 ± 360.9       209 ± 434.8       358.1 ± 616.6
  Outpatient visit payments ± SD (US\$)   41.5 ± 216.4        142.5 ± 526.7     217.4 ± 652.5
  OVP drug payments ± SD (US\$)           19.2 ± 164          67.7 ± 270.4      97 ± 252
  Mean 90-day cost ± SD (US\$)            1,307.8 ± 1,922.5   2433.6 ± 2942.1   2939.1 ± 3834.3

VTE: Venous thromboembolism

RMPO: Readmission postoperative

OVP: Outpatient visit with problem

Unadjusted cost and outcome {#sec015}
---------------------------

[Table 2](#pone.0231411.t002){ref-type="table"} presents the unadjusted cost and outcome of VTE and non-VTE group. The average 90-day surgery-related costs were \$2,939 ± \$3,834 for patients with VTE and \$1,308 ± \$1,923 for without VTE. The VTE patients who had come back to the hospitals for outpatient visits were 75.0% while this rate in non-VTE patients was 47.64%. Therefore, the cost of 90-day surgery-related outpatient visit of VTE patients was approximately 1.5-fold higher than the cost of 90 day surgery-related visits for non-VTE patients (\$217.4 vs. \$142.5). Notably, the readmission rate of VTE patients reached 43.92% which was rather high compared with 8.0% of non-VTE and the former's drug costs was three-time as much as the latter's (\$455 vs. \$141).

Adjusted costs and outcomes {#sec016}
---------------------------

In order to reduce differences caused by variety in patient characteristics ([Table 1](#pone.0231411.t001){ref-type="table"}), we present logistic regression estimates of odds ratios for patient outcomes after VTE events, controlling for patient characteristics after matching the 1,689 VTE cases to 1,689 non-VTE surgeries with similar characteristics.

Readmissions due to VTE {#sec017}
-----------------------

In [Table 3](#pone.0231411.t003){ref-type="table"}, PE was the category with the highest adjusted odds ratios for 90-day readmission during the 90-day postoperative period. PE had 10-fold larger odds of re-hospitalization, whereas VET and PTP had approximately 4-fold larger odds of readmission. The adjusted odds ratio of DVT+PE was 4.74. In summary, four of the VTE categories showed statistically significant positive acceleration in re-hospitalization rates as a result of VTE, from 23.9% to 49.7%. In [Table 4](#pone.0231411.t004){ref-type="table"}, we show that the increased re-hospitalization rate caused by PE was estimated to be 51.7% (SE = 1%). The accelerated re-hospitalization rate was 28.8% (SE = 0.5%) for VET, 26.1% (SE = 0.3%) for PTP, and 38.9% (SE = 3.6%) for DVT+PE.

10.1371/journal.pone.0231411.t003

###### Estimated odds ratios for outcomes during the 90-day postoperative period.

![](pone.0231411.t003){#pone.0231411.t003g}

                                                                         RMPO                                         OVP
  -------------------------- ------------------------------------------- -------------------------------------------- --------------------------------------------
  VTE                        PE                                          10.07[\*](#t003fn001){ref-type="table-fn"}   1.789[\*](#t003fn001){ref-type="table-fn"}
  PTP                        3.80[\*](#t003fn001){ref-type="table-fn"}   3.92[\*](#t003fn001){ref-type="table-fn"}    
  VET                        4.32[\*](#t003fn001){ref-type="table-fn"}   2.95[\*](#t003fn001){ref-type="table-fn"}    
  DVT+PE                     4.74                                        1.83                                         
  Age group                  18--59                                      \-                                           \-
  60--69                     1.23                                        1.00                                         
  70--79                     1.24                                        0.84                                         
  \> 80                      1.09                                        0.53[\*](#t003fn001){ref-type="table-fn"}    
  Gender                     Male                                        \-                                           \-
  Female                     0.88                                        1.18[\*](#t003fn001){ref-type="table-fn"}    
  Area                       North Region                                \-                                           \-
  Red River Delta            1.06                                        1.07                                         
  Central Coast              0.93                                        1.12                                         
  Central Highlands          0.73                                        1.49                                         
  Southeastern region        0.65[\*](#t003fn001){ref-type="table-fn"}   2.88[\*](#t003fn001){ref-type="table-fn"}    
  Southwestern region        1.22                                        2.21[\*](#t003fn001){ref-type="table-fn"}    
  Surgery type               Neurosurgery                                \-                                           \-
  Cardiac-thoracic surgery   0.60                                        1.23                                         
  Vascular surgery           0.50[\*](#t003fn001){ref-type="table-fn"}   1.23                                         
  Gastrointestinal surgery   0.58[\*](#t003fn001){ref-type="table-fn"}   0.69                                         
  Urologic surgery           0.82                                        0.91                                         
  Orthopedic surgery         0.61[\*](#t003fn001){ref-type="table-fn"}   0.82                                         
  Plastic surgery            0.28[\*](#t003fn001){ref-type="table-fn"}   0.64                                         

\*p\<0.05

VTE: Venous thromboembolism

RMPO: Readmission postoperative

OVP: Outpatient visit with problem

PTP: Phlebitis and thrombophlebitis

VET: Venous embolism and thrombosis

DVT: Deep Vein Thrombosis

10.1371/journal.pone.0231411.t004

###### Estimated increased 90-day outcomes and payments (adjusted) due to VTE (US\$, 2019).

![](pone.0231411.t004){#pone.0231411.t004g}

  VTE class   Excess RMPO rates   Excess OVP rates   Excess Total cost   Excess RMPO cost   Excess RMPO Drug cost   Excess OVP cost   Excess OVP Drug cost   Excess hospital stays
  ----------- ------------------- ------------------ ------------------- ------------------ ----------------------- ----------------- ---------------------- -----------------------
  All VTE     0.296               0.246              1018.9              187.0              408.4                   116.9             306.5                  1.9
  (0.003)     (0.003)             (18.567)           (4.996)             (7.553)            (2.031)                 (4.089)           (0.042)                
  PE          0.497               0.091              3182.0              825.8              1432.6                  77.4              846.1                  0.8
  (0.012)     (0.012)             (106.735)          (16.741)            (29.934)           (11.851)                (25.006)          (0.075)                
  PTP         0.292               0.268              770.2               93.9               312.1                   113.2             251.1                  
  (0.004)     (0.003)             (20.368)           (3.538)             (6.298)            (3.01)                  (3.982)                                  
  VET         0.338               0.249              1489.8              312.5              533.0                   180.2             464.1                  1.2
  (0.006)     (0.006)(0.005)      (2.437)(30.481)    (5.715)             (2.485)(10.718)    (2.297)(4.521)          (2.768)(7.131)    (0.013)                
  DVT+PE      0.389               0.084              2651.0              1182.3             588.5                   160.2             287.3                  0.5
  (0.036)     (0.053)             (15.149)           (30.815)            (16.682)           (19.963)                (58.477)          (0.487)                

VTE: Venous thromboembolism

RMPO: Readmission postoperative

OVP: Outpatient visit with problem

PTP: Phlebitis and thrombophlebitis

VET: Venous embolism and thrombosis

DVT: Deep Vein Thrombosis

Outpatient visits due to VTE {#sec018}
----------------------------

[Table 3](#pone.0231411.t003){ref-type="table"} indicates that PE had 1.79-fold larger rate for a 90-day outpatient visit with problems, PTP had a 3.9-fold larger rate of outpatient visit with problems, and VET and DVT+PE had 2.95-fold and 1.83-fold rate increase in outpatient visits with problems, respectively. The excess outpatient visit rate was 14.5% (SE = 1.5%) for PE, 25.4% (SE = 0.6%) for VET, 28.6% (SE = 0.5%) for PTP and 8.4% (SE = 5.3%) for DVT+PE. The increases in the outpatient visit rate were statistically significant in the four VTE categories ([Table 4](#pone.0231411.t004){ref-type="table"}).

Expenditure due to VTE {#sec019}
----------------------

The overall costs associated with surgery through 90 days after surgery are showed in [Fig 1](#pone.0231411.g001){ref-type="fig"}. There was a separation of costs between patients with VTE and without VTE. The mean difference in costs markly advanced to US\$499 after the procedure 30 days. The cumulative mean adjusted costs through 90 days reached the difference of US\$632 between the VTE patient and control group. The difference demonstrated the economic impact of VTE on the healthcare system.

![Cumulative mean adjusted costs from surgery day through 90 days after surgery in patients with venous thromboembolism and matched control patients.](pone.0231411.g001){#pone.0231411.g001}

In [Table 4](#pone.0231411.t004){ref-type="table"}, we simulate the increased 90-day costs caused by VTE from log-linear regression estimates for post-VTE payment, controlling for patient characteristics after pairing patient characteristics. The overall adjusted additional costs for the four VTE classes fluctuated from US\$347 to US\$2,651. In fact, the DVT+PE had the most considerable adapted additional post-discharge costs (\$2651) in [Table 4](#pone.0231411.t004){ref-type="table"}. PE leads to the second highest additional post-discharge cost of US\$2,447. Readmission has the largest of the additional costs, from US\$150 to US\$1,182, followed by RMPO drug costs and outpatient visit costs.

Discussion {#sec020}
==========

Based on all the data collected, this is the first study describing the costs associated with VTE after surgery in Vietnam. The 90-day costs of VTE patients were found to be US\$2,939.1. The rate of readmission increased by 5.5 times, the rate of outpatient visits increased by 1.8 times, and the total costs over 90 days in patients with VTE undergoing surgery increased by 2.25 times. Estimation using the propensity score matching method showed an increase of US\$1,019 in 90-day costs for VTE patients. These results are later compared to those of previous studies; they overlap with each other with regard to the economic burden due to VTE's healthcare system \[[@pone.0231411.ref011], [@pone.0231411.ref018]\]. However, VTE-related medical costs in Vietnam are rather small compared with developed countries. The results of US analyses indicated that VTE-related total costs over 6 months \[[@pone.0231411.ref019]\] reached US\$10,000. In Japan, the 90-day costs after major abdominal surgery costs were US\$20,648 \[[@pone.0231411.ref012]\]. Moreover, studies conducted in the EU indicated additional inpatient costs after VTE of €3,900 after 6 months \[[@pone.0231411.ref020]\]. The difference in health care systems and medical practices, as well as the affordability of VHIS, may account for the lower economic burden of VTE in Vietnam.

The incidence of postoperative VTE in this study was less than that of US hospitals (4.5 or more per 1,000 patients in 2010) \[[@pone.0231411.ref021], [@pone.0231411.ref022]\], but it had a similar incidence to that in Australian hospitals (2.5 vs. 2/1000 patients) \[[@pone.0231411.ref004]\]. The discrepancies and coding practices between our study and the one for Australia (ICD-10-AM) and the one for the USA (ICD-9-CM) may have contributed to this difference. It was shown that the accuracy of VTE coding can be improved by the adoption of extended codes developed in the revised ICD-9-CM. Our result is higher than that in a previous study implemented at four hospitals in Vietnam, in which VTE was found in 3,068 patients among 2.8 million surgical cases (0.11%) \[[@pone.0231411.ref010]\]. This suggests that the use of systematic data result in an improved ability to monitor patients. We can detect VTE in postoperative patients even when they switch to treatment at other facilities.

Aging was previously accepted as a main contributing factors with regard to the increasing trends in VTE rates for admitted patients in hospitals. Our finding that the incidence of VTE increases with advancing age, is similar to that observed by others \[[@pone.0231411.ref010], [@pone.0231411.ref023], [@pone.0231411.ref024]\]. We found that men were less likely to develop VTE complications, similar to the finding from Australian study \[[@pone.0231411.ref004]\]. Orthopedic, urologic and gastrointestinal surgery had the VTE incidence of 0.16%, 0.16% and 0.49%, respectively. The incidence is lower than that found in previous studies \[[@pone.0231411.ref008], [@pone.0231411.ref013]\] which only focus on major surgery. Further research should be conducted to examine the contributing factors for such a difference among different surgical procedures.

VTE remains a preventable complication. The large variance in VTE rates among different areas indicates that some hospitals are endeavoring to prevent the occurence of VTE. The national agency needs to develop a systematic program based on relevant experience in successfully reducing the VTE rate for difficult areas. The Vietnam National Society of Cardiology had developed recommendations, in which VTE prevention practices were promoted and related incidents were evaluated. Thus, national policies and local programs should focus on increasing the effectiveness of implementation the recommendations.

These are the first published estimates of incidences and costs of postoperative VTE in Vietnam using the national administrative database. This study provides economic evidence with regard to the need for stronger secondary prevention as a potential cost-saving approach. VTE is a preventable disease; therefore Ministry of Health should recommend using pharmacological prophylaxis to reduce both the clinical and economic burden in Vietnam.

This study has several limitations. First, only the ICD-10 code defined diagnosis was used to identify VTE in this study. This criterion could exclude VTE cases that were not recorded by code; however this would not have led to any significant difference in the costs. We also underestimated the VTE incidence because of these restrictive criteria, which would constitute a lower bound. Second, the use of insurance reimbursement database in Vietnam is still limited. Although some progress was noted using the database of the healthcare record system in Vietnam, it is still very limited compared to that of developed countries. However, VTE-associated mortality was not covered in the database, resulting in difficulties in estimating the burden of VTE related death. Finally, age group, gender, and surgery type may be a potential cause of the excess cost.

The findings suggest that clinical physicians and pharmacists should have a firm understanding of not only the clinical but also economic impacts of VTE. Appropriate and cost-effective prophylaxis and venous thromboprophylaxis methods guarantee the safety of patients as well as healthcare resources.

Conclusion {#sec021}
==========

VTE associated with surgery places a substantial economic burden on society. Our findings provide key cost parameters for assessing the cost-effectiveness of alternative interventions to reduce VTE occurrence and guiding reimbursement policy.

ICD

:   International Classification of Diseases

PE

:   pulmonary embolism

PTP

:   phlebitis and thrombophlebitis

DVT

:   deep vein thrombosis

VET

:   venous embolism and thrombosis

VHIS

:   Vietnam Health Insurance Scheme

VTE

:   venous thromboembolism

RMPO

:   Readmission postoperative

OVP

:   Outpatient visit with problem
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PLOS ONE

Dear Ms Kieu,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Your manuscript received quite a bit of interest, and  I am including the comments from four of the reviewers who agreed to review, and who provided useful information to you regarding this submission. Your manuscript needs extensive revisions and you should try to respond to reviewers\' comments and to fix your paper accordingly.

We would appreciate receiving your revised manuscript by Jan 24 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Prof. Raffaele Serra, M.D., Ph.D

Academic Editor

PLOS ONE

Journal Requirements:

1\.

When submitting your revision, we need you to address these additional requirements.

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. In ethics statement in the manuscript and in the online submission form, please provide additional information about the patient records used in your retrospective study. Specifically, please ensure that you have discussed whether all data were fully anonymized before you accessed them and/or whether the IRB or ethics committee waived the requirement for informed consent. If patients provided informed written consent to have data from their medical records used in research, please include this information.

3.  We noticed you have some minor occurrence of overlapping text with the following previous publication(s), which needs to be addressed:

<https://www.sciencedirect.com/science/article/pii/S2212109915000254?via%3Dihub>

<https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2613997/>

In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the methods section. Further consideration is dependent on these concerns being addressed.

4\.

We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially identifying or sensitive patient information) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.

b\) If there are no restrictions, please upload the minimal anonymized data set necessary to replicate your study findings as either Supporting Information files or to a stable, public repository and provide us with the relevant URLs, DOIs, or accession numbers. Please see <http://www.bmj.com/content/340/bmj.c181.long> for guidelines on how to de-identify and prepare clinical data for publication. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>.

We will update your Data Availability statement on your behalf to reflect the information you provide.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: No

Reviewer \#2: Partly

Reviewer \#3: Yes

Reviewer \#4: Partly

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

Reviewer \#4: I Don\'t Know

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

Reviewer \#4: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: No

Reviewer \#4: No

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: I have the following comments about this paper:

1\. My main difficulty is that the authors have combined portal vein thrombosis (PVT) with DVT, PE and thrombophlebitis. PVT is often associated with general surgical problems and is caused by intra-abdominal inflammatory conditions, intra-abdominal sepsis, splenectomy, etc and this state is clearly different than DVT and PE. PVT is not considered one of the forms of VTE, which is usually DVT and PE. The authors should remove PVT and PTP (phlebitis and thrombophlebitis) from the VTE category and talk about them separately in the abstract and conlcusions.

2\. Why would the authors exclude any anticoagulant treatment during the hospital admission? I would assume that most of the patients they are looking at would have received some type of DVT prophylaxis, so I would think this would have excluded most patients?

Reviewer \#2: These results (other than the actual cost data for your country) are well known. What is the generalizable \"new\" message for the literature?

You did not mention VTE prophylaxis. What percent of patients with VTE received prophylaxis? Did you control for that in your propensity model\>

Reviewer \#3: 1. General comments

This study used a Vietnamese national healthcare insurance database in order to evaluate the incidence and costs associated with venous thromboembolism (VTE) in post-surgical patients over an almost 2 year period.

The methods of this paper are strong. Specifically, the use of propensity score matching is one of the major strengths of the paper. Furthermore, the results are compelling, and of interest to the target audience. Nonetheless, the paper is poorly written and difficult to follow in its current form.

I believe that the manuscript will be worthy of publication once it is thoroughly revised.

2\. Abstract:

a\. No specific comments beyond that detailed below for each section.

3\. Introduction:

a\. The introduction section would benefit from some grammar and sytax editing, but otherwise I have no major concerns regarding the introduction section. I would recommend including one additional comment regarding the incidence of VTE in post-operative patients who do receive chemical thromboprophylaxis, in addition to the single statement about incidence in patients who do not receive chemical prophylaxis, since most hospitalized post-op patients do receive some form of thromboprophylaxis.

4\. Methods:

a\. In the 'Matched Controls' section, the authors refer to Table 2 when discussing the Elixhauser Comorbidity Index, however Table 2 is unrelated to this statement.

5\. Results:

a\. Table 2 needs to be explained more clearly, and also needs to be discussed in the main text of the article. Currently, the only reference to Table 2 (in the Methods section, as I described above) is inaccurate.

b\. There are many acronyms used throughout the results section that are not explained at any point -- RMPO, VET, OVP, PTP, etc

c\. Swap the order of mean ages in VTE vs. non-VTE group \[sentence should read: "VTE group had higher rate of women and mean age than non-VTE group (50.9% vs. 40.2% and 60.5 year-old vs 45.7 year-old), as shown in Table 1\]

d\. Surgery is spelled incorrectly in the first column of Table 1 and in the title for Table 2.

6\. Discussion:

a\. Similar to the introduction section, the discussion section requires significant revisions to grammar and syntax, but otherwise no major concerns.

7\. Figures and Tables:

a\. Include a legend for each table, which includes what the acronyms stand for.

b\. Refer to Table 2 somewhere in the main text (and delete the incorrect reference to Table 2 in the Methods section)

8\. Conclusion:

a\. No comments

9\. References:

a\. No comments

Reviewer \#4: In this paper, the authors want to understand the economic burden caused by Venous Thromboembolism (VET) in Vietnamese patients. They use a propensity score matching to identify a control group of patients with similar observable characteristic who did not suffer VET within 90 of hospital admission and compare them to a set of patients that did. Using this technique, they find that the cost of VTE within 90 days of the hospital visit was a little over \$1,000.

In full disclosure, I am not a medical expert and so the specific medical mechanisms tested in the paper are very new to me. A medical researcher should take a much more careful look at the medical and public health claims they made. However, I have researched in Vietnam for a long time and have some expertise in the econometric techniques they are using to estimate their effects. Because I am outside the specific field of the researchers, there may be different norms in statistical presentation. This should be taken into account in in assessing my review.

I think there is a lot to admire in this paper. The problem is compelling and the authors have assembled an excellent data for their analysis. I also think the wide variety of outcome variables studied provides a thorough picture of the problem. However, there is a lot that needs improvement in this paper before publication. In particular, the paper does not meet current standard for the presentation of econometric analysis. While medical research may be slightly different, the economic conventions require a great deal more information to make sense of the results.

1\. The matching strategy is not well described. What specific type of matching estimator was used (propensity score, genetic, strata, entropy balancing? Did the authors employ weights? Did the match one-to-one or use multiple nearest neighbors? In fact, the authors don't even show the matching estimation results in a table or appendix for the review to see. It is very hard to adjudicate the results the authors present without this information.

2\. The key problem with matching strategies of all types is that one can only match on observables, when unobserved factors can drive both the presence of VET and the economic outcomes. The authors should make clear in their analysis what the potential threat from unobservable and what the potential direction of this bias is. In particular, I was concerned about whether VET is more likely in patients with particular baseline health profiles that are not picked up by the blunt covariates used in the match.

3\. Table 3 is not well described enough to understand what is going on. Is this a logit analysis based on the matched sample or between the VET sample and the RAW population? Are these the odd ratios generated for each covariate from a logit model. I cannot tell because the table does not provide the sample size? Why is only statistical significance given and not the standard errors? Finally no log-likelihood, chi-squared, or any measure of model fit is given in the table.

4\. Most importantly, it is highly unorthodox to control for covariates that were already included in the matching equation again as covariates in the estimation. What is the justification for this decision? If the authors are comparing to the matched sample, the covariates should be orthogonal to treatment by design and therefore irrelevant as control variables. This can lead to bias in the second stage.

5\. Table 4 is even more confusingly described. Are those standard errors parentheses? Are the authors comparing to the matched sample again? Again, we can't tell because no n is provided. Why are different covariates selected from those used in Table 3? What justifies this choice? Why are no estimates of model fit presented?

6\. This statement is clearly biased upward by selection bias. It should not be the main finding presented in the abstract and conclusion. The matched estimates are half the size. "The 90-day cost of VTE patients was found to be US\$2,913. There was a 5.4-fold increase in the rate of re-admission, 1.8-fold increase in the rate of outpatient visits and a 2.2- fold increase in total costs over 90 days in patients with VTE undergoing surgery." The authors can put that in a footnote, but only the matched estimates should be used in presenting the size of the effects. They are the scientifically valid result.

7\. I found the comparison to other countries in the discussion to be incomplete. Rather than providing the unadjusted estimates of VET costs for the US, Japan, and Europe, wouldn't it make more sense to standardize by the cost of living in those countries (or at least by GDP per capita) to get a better sense of the true societal costs of the procedure.

8\. Relatedly, to make sense of the costs of VET in the Vietnam context, it would be helpful to compare the cost of VET to the projected costs of prevention. This could be weighted by the probability of VET in each surgery type to get a sense of what the Vietnamese medical system should do to avoid the costs.

All in all, the authors have done important work. However more work on statistical presentation is necessary to adjudicate the findings and ultimately for the work to be understood and acted upon by a broad audience.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

Reviewer \#3: No

Reviewer \#4: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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PLOS ONE

Dear PhD Hanh,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

It os very important that you fully address all reviewers\' concerns. If you want your article reconsidered, please pay particular attention to reviewer \#3 comments.

We would appreciate receiving your revised manuscript by Apr 18 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Prof. Raffaele Serra, M.D., Ph.D

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

There are still concerns about your revised manuscript, in particular see Reviewer\'s \#3 comments.
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: I Don\'t Know

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: No

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: I have no further comments for the authors, as my comments to the authors have been addressed successfully.

Reviewer \#2: (No Response)

Reviewer \#3: The authors did not address any of the comments that I made in my initial review. I had major concerns about the manuscript as it was initially submitted, and since the authors did not address any of those concerns, I am not recommending that the manuscript be rejected.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

Reviewer \#3: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Dear Dr. Hanh,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Prof. Raffaele Serra, M.D., Ph.D

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

amended manuscript is acceptable.

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: I have no additional comments for the authors. I had already suggested that this manuscript be accepted.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).
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Dear Dr. Bui:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Prof. Raffaele Serra

Academic Editor

PLOS ONE
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